1. Introduction

32
[2] The Southern Annular Mode (SAM) is the principal 33 mode of variability of the atmospheric circulation in the SH 34 extratropics [Thompson and Wallace, 2000] . Many 20th 35 century simulations exhibit a trend in the SAM towards its 36 positive phase (PP) with a strengthening of the circumpolar 37 vortex and intensification of the circumpolar westerlies 38 [Fyfe et al., 1999; Kushner et al., 2001; Cai et al., 2003;  39 Rauthe et al., 2004; Shindell and Schmidt, 2004] . This 40 trend, occasionally not significant in the simulations, is also 41 revealed by Antarctic station observations [Marshall, 42 2003 ]. The trend in the SAM has been attributed to ozone 43 depletion [Thompson and Solomon, 2002] and GHG 44 increase [Kushner et al., 2001 ], but natural forcings may 45 have acted synergistically with anthropogenic forcing 46 [Hartmann et al., 2000] .
47
[3] Over the second half of the 20th century, Antarctic 48 Peninsula (AP) stations show a strong warming trend, while 49 stations in other antarctic areas show no significant trend or 50 slight cooling [Comiso, 2000] . The AP record and the 51 opposite cooling over most of Antarctica is consistent 52 with circulation changes associated with the trend in the 53 SAM [Thompson and Wallace, 2000; Schneider et al., 54 2004]. In addition, local air-sea-ice interaction may also 55 affect [Marshall and King, 1998] (1970 -1999 and 2070 -2099 respectively 
110
[7] The SAM is defined as the leading mode of the 111 empirical orthogonal function (EOF-1) obtained from anom-112 aly series of 500 hPa geopotential heights, area weighted by 113 the square root of cosine of latitude. EOF domain is 114 southern of 20°S. We identify events during which the PP 115 of the SAM is particularly strong (events in which the 116 principal component, PC-1, is above one standard deviation 117 of its mean value). We perform composites of SLP, TS and 118 SIV anomalies and examine the associated climate response. [8] To summarize the performance of the models, we 122 evaluate the annual mean (ANM) values of both the 123 ensemble mean (the average over all the simulations) and 124 the inter-simulation standard deviation (IMSD). While ear-125 lier models exhibit striking difficulties in simulating both 126 the position and depth of the Antarctic trough, the new 127 generation of AOGCMs seems to evince a better agreement 128 with the NCEP reanalysis, with errors lower than 2 hPa over 129 large areas of the Southern Ocean (Figures 1a and 1d ). In 130 comparison with CMIP2 results (Report 66 at www-131 pcmdi.llnl.gov), errors over large areas of Antarctic seas 132 were reduced from 6 -10 to 2 -6 hPa. Because spurious 133 large departures and IMSD occur over the high terrain area 134 (due to the extrapolation below ground), a land-sea mask 135 was applied. The ensemble mean tends to underestimate the 136 SLP over the mid-latitudes and consequently the meridional 137 gradient is relatively weak. It is an equivalent barotropic pattern and implies stronger 160 westerly winds in the high latitudes.
161
[11] The ST response to increasing GHG (Figure 2b 175 the westerly flow throughout the depth of the atmo-176 sphere. Therefore, the variability associated with the 177 SAM could eventually alter its geographical pattern or 178 structure. Hereafter, we explore into the potential cli-179 mate variations associated with changes in the SAM PP, 180 under enhanced GHG forcing. We focus on the austral 181 late-spring season (OND) when the SAM is particularly 182 strong.
183
[13] The general pattern of the composites of SLP 184 anomalies (Figure 3 , left) is essentially zonal with some 185 anomalies superimposed particularly in the western Pacific 186 sector. This pattern is similar for both periods, but for 187 the later period both positive and negative anomalies are 188 in general stronger. In other regions (southern Atlantic 189 and Indian oceans) the changes are weaker and not 190 uniform. (1970-1999 and 2070 -2099) , with emphasis in the 256 region around the AP, during the austral late spring. The 257 SLP pattern of anomalies associated with the SAM PP 258 enhances the westerly winds at 60°S especially in the 259 Pacific Ocean and promotes strong anomalous surface 260 heat fluxes. During both periods, the anomalies in tem-261 perature advection cause a warming in the AP region but 262 a general cooling around the rest of Antarctica. In 263 general, these patterns are reinforced during the second 264 time slice. The confidence in sea-ice anomalies response 265 is limited by the reduced number of models providing 266 sea-ice information and the large inter-model standard 267 deviation. Nevertheless, sea-ice anomalies associated with 268 the SAM resemble the observed changes in the Antarctic 269 SIC associated with the SAM index [Liu et al., 2004] [Cai et al., 2003] . If the strato-294 spheric ozone recovery -which is expected over the coming 295 decades-is taking into account, the SAM variability could 296 also be affected [Shindell and Schmidt, 2004] 
